Abstract
permissive conditions were generated to characterize chromosome reorganization throughout release from the cdc15 block, cells reenter a new round of replication, indicating a fully 1 4 0 covered cycle (Fig. 3b) . The p(s) reveals a strong increase in short-range contacts (<10-20 kb) 1 4 1 from G2 to anaphase exceeding G1 levels and restored after anaphase completion ( two segregated chromosomal sets get closer (Fig. 3c, right panel) . The latter observation is in (Fig. 3d, bottom left map, yellow arrowheads) . Surprisingly, a chromosomal loop proximal rDNA left flanking region (Fig. 3d box, pink arrowhead; 3e). Later in anaphase, the tel-proximal region of chr12R becomes completely isolated from the rest of the genome ( (cdc15+60 min), the loop disappears (Fig. 3e) . Interestingly, this loop can be seen in 1 6 1 asynchronous populations while it is only present in anaphase (Fig. 3f , lower panel).
Condensation is a locus specific process that occurs in anaphase
The proper condensation and segregation of the rDNA cluster requires the Smc2 condensin in both mutants reveal their epistatic relationship (Fig. 3g, upper right map, Fig. 3h ). Since both mutants exhibit difficulties to complete anaphase, the condensin-dependent loop may 1 7 2 play a direct role in the segregation of the rDNA cluster through the application of a pulling force directly onto the rDNA region. A global pattern of structural changes during the cell cycle can be summarized from centromere contacts, intra/inter contact ratio and short/long contact ratio computed for each of 1 7 7 the 20 time-points (Fig. 4) . First, short/long contact ratio recapitulates the three internal folding states of chromosomes (G1, G2, and anaphase; Fig. 4 ; Supplementary Fig. 8 ). Second, Overall, this comprehensive analysis of the 3D chromosome choreography during replication 1 8 5
and segregation brings to light new perspectives regarding these fundamental processes. Media and culture conditions. Yeast strains used in this work are listed in Supplementary without amino acids (Difco), supplemented with a mix of amino-acids, uracil and adenine, 2% glucose). Cells were inoculated and grown overnight in 15 ml of growth medium at either conditional temperature-sensitive mutations cdc6-1, cdc14-3 and cdc15-2). The next morning 1 9 7 2 x 10 9 cells of BY4741 and YKL050 strains were restarted in 150 ml fresh YPD at 30°C for 1 9 8 2 h and fixed for Hi-C as asynchronous state. On the contrary, to obtain synchronized cell 1 9 9
populations, 10 ml of the overnight cultures were diluted into 800 ml of the corresponding the dataset corresponding to the quiescent state (G0) is coming from already published data in 2 0 7
( Guidi et al., 2015) , and was obtained by carbon source exhaustion. fractions containing the small G1 cells, a periodic 2 ml/min increment of the flux was applied
between each fraction. The resulting 600 ml fractions were centrifuged and approximately 2.5 2 2 1
x 10 9 G1 cells/fraction were recovered. Before fixating the G1 state, cells were suspended in 2 2 2 fresh YPD at 30°C for 30 min, so they could recover from their stay in PBS during the minimize S phase restart heterogeneity -were inoculated into 150 ml YPD at 25°C (to lower required for the S phase to begin. Therefore, the restarted aliquots were fixated for Hi-C at:
2h15min, 2h20min, 2h25min, 2h30min, 2h35min, 2h40min and 2h45min. The progression of 2 3 5 each fraction throughout the S phase (from G1 to G2) was monitored with flow cytometry. Synchronization through thermosensitive mutations. The genetic synchronizations, using analyzed using FlowJo X 10.0.7 software (Tree Star). solution (2 μ g/ml in 1X PBS) for 10 min at room temperature. Before imaging acquisition, the
